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Abstract

Results

The filamentous fungus Neurospora crassa can undergo both asexual
and sexual reproduction. However, little is known about the molecular
mechanisms that regulate the N. crassa female sexual development
cycle. Previous research has shown that deletion strains of the
transcription factor fsd-1 have delayed development of female
reproductive structures and are sterile. fsd-1 is transcribed into three
different transcripts, which differ by the length and intron/exon
structure of their 5’ untranslated region, and these transcripts vary in
expression level during the N. crassa life cycle. fsd-1 controls the
development of female reproductive structures in N. crassa, which
affects many downstream processes. The goal of this project is to
phenotypically characterize the reproductive ability of strains
overexpressing fsd-1, for each of the three transcripts, and we
hypothesize that fsd-1 overexpression will affect the reproductive ability
of these strains. Characterization of the changes in transcriptional
expression caused by fsd-1 overexpression will give us insight into the
fsd-1 regulon. Using Illumina RNA sequencing, we mapped the genomewide transcriptional changes that occur as a result of fsd-1
overexpression. Analysis of the reproductive abilities of strains that
overexpress fsd-1 showed that these strains can produce spores, but
that the spores do not germinate. Our RNAseq and phenotype
experiments revealed that fsd-1 regulates processes including melanin
synthesis, cell wall formation, and ascospore viability, and plays a key
role in sexual development.

Figure 2 and Table 1: qRT-PCR shows that fsd-1 expression
increases in our overexpression strain. fsd-1 is transcribed into
three different transcripts (left, figure 2), which differ in their
intron/exon structure. Overexpression strains were constructed by
placing the fsd-1 promoters with a constitutively expressed
promoter (pccg-1), and each construct has an N-terminal GFP label.
Our experiments primarily focus on transcript 2 (it is the most highly
expressed during development), and we confirmed its
overexpression by qRT-PCR (table 2). Actin was used as a
housekeeping control gene. The 2-ΔΔCt method of analysis was
employed, confirming that there is an increase in fsd-1 expression in
our overexpression mutants. The average fold gene expression is the
mean of three biological replicates for the wild type, and two for the
overexpression.

Introduction
• Neurospora crassa is a filamentous fungus that is often used as a
model organism, as it can reproduce either asexually or sexually
• The transcription factor FSD-1 regulates female sexual
development, and fsd-1 mutants do not develop mature female
sexual development structures1
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Table 2: Analysis of RNA sequencing data shows upregulated
processes in overexpression mutants relative to wild type.

Overexpression strain mRNA levels of different genes were analyzed
relative to wild type mRNA levels. They were then categorized into Gene
Ontology (GO) IDs based on the biological processes they are a part of.
Processes involving melanin and the fungal cell walls were highly
upregulated, suggesting that fsd-1 may regulate these processes.

11.32

0.0019

Methodology

GO:0042438 melanin biosynthetic process

11.32

0.0019

RNA extraction:
• Samples were lysed and mixed with TRIzol reagent, and extracted according to the
manufacturer’s protocol. The aqueous phase was mixed with ethanol and purified using an
RNeasy kit. Samples were treated with DNase, and RNA quality and concentration were
assessed using the nanodrop and gel electrophoresis.

GO:0019748 secondary metabolic process

3.39

0.0048

GO:0005976 polysaccharide metabolic process

2.66

0.0054

phenol-containing compound biosynthetic
GO:0046189 process

8.71

0.0054

Crossing fsd-1 mutants
• Female strains are plated and allowed to develop for 7-10 days. After protoperithecia
formed, male strains were inoculated and given 7-10 days to cross. Spores were then
germinated to analyze offspring fertility.
Analyzing the fertility of mutant offspring
• Spores picked from crosses were heat shocked in a 60oC water bath, and plated (with or
without hygromycin as a selective agent). Next, spores were isolated via microscopy, plated,
and allowed to germinate. Hygromycin was added as a selective agent in some cases.
Successful germination was indicated by growth on the plate.

1.3

Transcript 2 overexpression

2.4

Wild type

GO:0006582 melanin metabolic process

RNA sequencing analysis
• 4 samples of both wild type and fsd-1 overexpression strains were sent for sequencing via
Novogene (150 bp PE Illumina libraries). Data analysis was performed in Galaxy3. Briefly,
quality was confirmed using FastQC4, reads were trimmed via Fastp5, mapped using RNA
STAR6, counted with HTSeqCount7, and differential expression measured with DESeq28.
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Quantitative Reverse Transcriptase Polymerase Chain Reaction (qRT-PCR)
• 1 mg of the RNA was converted to cDNA with reverse transcriptase (NEB, Protoscript II).
cDNA was diluted 1:4 and used to set up duplicate technical qPCR replicates (BioRad; iTaq
SYBR Green Supermix). For each sample, no-RT and gDNA negative and positive controls,
respectively, were set up. Amplification data was analyzed using the 2-ΔΔCt method for
calculating gene expression changes2

Avg fold gene expression

Figure 3: Micrograph of transcript 2 overexpression strain
confirms that fsd-1 localizes in the nucleus. Since our fsd-1
overexpression strains are constructed using an N-terminal GFP
label, the presence of GFP confirms the presence of our protein
constructs. The overlay of DAPI, a DNA-stain and GFP confirms the
presence of fsd-1 in our overexpression strains and shows that fsd1 localizes in the nucleus. A representative image from the
transcript #2 overexpression strain is shown. Scale bar = 5 µm.

Fold
enrichment

• Figure 1: The sexual cycle of N. crassa1

Strain

ID

Name

phenol-containing compound metabolic
GO:0018958 process

6.6

external encapsulating structure
GO:0045229 organization

2.72

GO:0071555 cell wall organization

2.72

fungal-type cell wall organization or
GO:0071852 biogenesis

3.01

Δfsd-1

OE tx#1

OE tx#2

OE tx#3

Figure 4: Overexpression mutants display atypical
phenotypes. While wild type and fsd-1 deletion
mutants have fluffy orange conidia, the three
overexpression strains have flat, white conidia. In
addition, we see high levels of pigmentation on the
underside of the slant tubes. This is especially
prominent in the photo of transcript 1.
Table 3: qRT-PCR analysis of selected genes confirm the
differential expression in the RNAseq dataset. Different
genes were selected based on their 4-fold change in
expression level between the overexpression and wild
type strains. The fold change levels show similar trends
between the RNA sequencing data and the qRT-PCR,
strengthening the validity of our claims on this data. In
addition, three of the four enzymes examined here are
either directly or indirectly involved in melanin
biosynthetic pathways, which strengthens our claim that
fsd-1 upregulates the melanin biosynthetic pathway.

0.0118

Gene
Number

Enzyme name

0.0118

8615

tyrosinase

7.10

0.89

4561

melanin-defective protein 1

6.12

5.46

585

phytoene synthase

-4.94

-4.09

6905

Tetrahydroxynaphthalene
reductase

7.5

14.05

GO:0031505 fungal-type cell wall organization

3.7

0.0130

GO:0071554 cell wall organization or biogenesis

2.34

0.0130

GO:0044550 secondary metabolite biosynthetic process

4.35

0.0130

GO:0005975 carbohydrate metabolic process

1.7

0.0226

Hygromycin
present?

Germinated

Ungerminated

2489x4200
(WTxWT)

no

11

9

2489x4200
(WTxWT)

yes

0

20

Overexpression x
4200
(OEtx#3 x WT)

no

18

2

Overexpression x
4200
(OEtx#3 x WT)

yes

0

10

Table 4: Germination of wild type and overexpression ascospores
Ascospores were randomly picked from wild type and
overexpression crosses with a wild type male and germinated on
BDES slants with or without the presence of hygromycin. For both
crosses, the presence of hygromycin meant that no spores
germinated. This is unexpected in the overexpression strain,
because they have hygromycin resistance markers. This suggests
that overexpression of fsd-1 either inhibits participation of these
nuclei in the cross, or prevents ascospore germination. This
experiment was repeated with the overexpression strains of
transcripts 1 and 2, however, there were no ascospores shot. We
repeated these results with a wild type strain as the female and
the the fsd-1 overexpression strains in the male, and the results
were the same.

Conclusions and Future Directions
• Our fsd-1 overexpression mutants display atypical phenotypes
• fsd-1 localizes in the nucleus in the overexpression strains
• RNA sequencing shows that melanin biosynthesis is an
upregulated process, which is consistent with our observed
phenotypes and confirmed by qRT-PCR
• Strains that overexpress transcripts 1 and 2 of fsd-1 are not able
to produce ascospores
• fsd-1 does not inhibit ascospore formation, however, ascospores
that overexpress fsd-1 are not viable
• Next steps include assessing fsd-1 expression in germinating
ascospores via microscopy and qRT-PCR.
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